Objective:
INTRODUCTION
Dystonia is a disabling neurological syndrome that can produce involuntary, sustained or spasmodic movements and abnormal postures [1, 2] . The pathophysiology of dystonia is complex and it seems likely that dysfunction in the basal ganglia or linked central pathways leads to abnormal motor output from the central nervous system. Complex movements, such as writing or playing the piano, can be particularly affected. Focal Hand Dystonia (FHD) manifests as a loss of motor control while performing a specific skilled repetitive hand action (e.g. musician's dystonia, writer's cramp). Such movements require exquisite motor control with excitatory and inhibitory signals controlling appropriate muscle contractions whilst simultaneously relaxing surrounding muscles. This "surround inhibition" is abnormal in patients with dystonia with both agonist and antagonist muscles in a limb segment cocontracting [3] .
Botulinum Toxin (BTX) may help patients with dystonia by weakening specific overactive muscles, but there is often a fine balance between making a muscle too weak and not weakening it enough. While the use of BTX in other types of dystonia such as cervical dystonia is supported by a larger evidence base with respect to efficacy, evidence reviews for the use of BTX as a treatment for FHD are limited [4, 5] . An upto-date knowledge synthesis on the use of BTX for FHD has the potential to impact clinical decision making and guideline development.
The objective of this systematic review is to summarize the current literature relating to the efficacy and safety of BTX in the treatment of FHD as assessed in Randomized Controlled Trials (RCTs).
METHODS
This systematic review followed the recommendations outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [6] .
Criteria for Study Inclusion
In order to be eligible for inclusion, clinical trials needed to be randomized, double-blind, and placebo-controlled. The treatment group should have received BTX and the control group an inactive sham or placebo. Participants needed to have a clinical diagnosis of FHD and should not have undergone specific additional treatment for their dystonia as part of the trial.
Searching
A systematic literature search was conducted by a health sciences librarian (MCT) using the following databases:
Ovid All searches were conducted between September 28 and 29, 2017. The MEDLINE search strategy was developed by MCT and then was peer-reviewed by a librarian expert searcher at the University of Alberta. The MEDLINE search strategy was then translated to search strategies suitable for the other databases.
The search strategy included a combination of controlled vocabulary terms (e.g., Medical Subject Headings (MeSH) and keywords representing the concepts of "hand dystonia" and "botulinum toxin". The full search strategy for all the databases searched is available in Appendix A of this publication. A search filter was applied for RCTs and to reduce retrieval of animal studies, when feasible. No language, date, or other limits were applied in the electronic database searches. Additional references were identified in the following ways: by hand-searching reference lists of all included studies as well as pertinent review articles; by forward citation searching in Scopus to find studies citing any of the included articles; and by searching conference proceedings for abstracts, posters and presentations on FHD and BTX treatment. Results were exported to the RefWorks citation management system [7] and subsequently imported into Covidence [8] , which was used for deduplication, as well as title/abstract, and full-text screening. Three authors (DA, AD, and HA) duplicated the title/abstract and full-text screening; while data extraction was performed in duplicate by CG, DG, and HA. Disagreements would have been resolved by SS.
Study Quality Assessment
For the assessment of risk of bias, all eligible trials were assessed using a three-item, five-point scale, the Oxford Quality Scale [9] , that considers randomization, blinding, study withdrawals and dropouts, and a consensus score was agreed upon. Each study was assessed in duplicate (CG, DG and HA). Disagreements were resolved by SS.
Outcomes
Our primary outcome of interest was hand function as measured by any validated hand function assessment at two weeks to two months post-treatment.
Our secondary outcomes included:
Any validated assessment of hand function at two to [1] six months post-treatment Reduction in secondary symptoms (e.g. pain, tremor) [2] Any assessment of quality of life [3] Number of participants with any adverse events [4] Number of participants with any serious adverse [5] events Number of participants withdrawing due to adverse [6] events
Meta-Analysis
For our meta-analysis, we computed a Relative Risk (RR) with a 95% Confidence Interval (CI). Between study heterogeneity was assessed with the I-squared statistic and a random effects model was used for our meta-analysis because of the heterogeneity.
RESULTS

Search Results
Our searches yielded 1,116 publications from the databases searched with 674 publications remaining after deduplication. No additional references were identified from other sources. Applying the eligibility criteria to the titles and abstracts screened resulted in 24 articles left for full-text evaluation. Ultimately, three studies [10 -12] met our inclusion criteria. Fig. (1) shows the PRISMA flow diagram. The publications excluded at the full-text stage and the reasons for exclusion are presented in Appendix B. As regards the included studies, two used a cross-over design and one used a parallel-group design. A total of 69 participants were involved in the three trials which included 31 women and 38 men. The evidence identified pertains to focal task-specific hand dystonias. Two of the studies were limited to participants who had been diagnosed with Writer's Cramp (WC), and overall the majority (94%) of the participants had WC. The mean duration of symptoms in the participants was 7.5 years. Table 1 details the study designs and demographic characteristics of participants.
Study Quality Assessment
One study was given an Oxford Quality Scale score of 5/5 and two studies a score of 3/5. Tsui et al. [10] was given an overall quality score of 3/5 (1 point for randomization, 1 for blinding, 1 for description of dropouts). Similarly, Cole et al. [11] scored 3/5 (1 for randomization, 1 for blinding, and 1 for description of dropouts) and Kruisdijk et al. [12] achieved a maximum score of 5/5. Table 2 shows the muscles targeted, BTX dosages used, the outcome assessments employed, and the main results of the included studies. Identification of muscles to be injected was undertaken clinically in all the three trials and supplemented by Electromyographic (EMG) assessment in two [10, 11] of the three studies. The study authors used intramuscular injections of BTX-A or equal volumes of saline in all the trials. Doses of BTX-A varied between the participants depending on the selection and number of muscles. Generally, participants were assessed prior to the intervention, and at two weeks to onemonth post-intervention, or when any treatment effect had worn off.
Efficacy
The authors of the studies used a combination of selfreport by the participants and functional performance measurements. Different self-report questions were used. Tsui et al. [10] asked participants to report whether they noticed any changes in writing, which was scored as follows: -1 = worse; 0 = no change; 1 = improvement; and 2 = dramatic improvement. Cole et al. [11] requested participants to complete a questionnaire about the amount of improvement of their muscles at the time of each assessment, using a categorical scale (major, moderate, minimal, or none), and a Visual Analog Scale (VAS). The VAS ranged from 0 (no improvement) to 10 cm (return to normal). Kruisdijk et al. [12] used the participants' answers to the following question as their primary outcome measure: "Considering all advantages and disadvantages of this treatment, is the improvement such that you wish to continue this treatment or not?" Functional performance measures included videotape analysis of writing samples, speed and accuracy of pen control, Gibson's maze assessment [13] (a spiral maze in which the participant is asked to trace the path in the maze from the center and work spirally outward with the pen as quickly as possible), Symptom Severity Scale (SSS) [14] , Functional Status Scale (FSS) [14] , and Writer's Cramp Rating Scale (WCRS) [15] . The specific scales used for functional performance assessments varied considerably between the three trials.
Tsui et al. [10] undertook a randomized controlled crossover trial of 20 participants with WC. They used three functional performance tests and the authors reported statistically significant improvement in the BTX-A treated participants in pen speed and accuracy, in three out of four Tsui (1993) [10] FDS, FCR, FCU, FPL, EDC, ECU, PT, PQ BTX-A injectiondose range 25-50 MU 1. Self-report assessment of participant writing on a four-point scale 2. Speed and accuracy of pen control 3. Gibson's maze 4. Copying a standard passage (readability scoring by "blind" physician)
Self-reported results were modest: 4/20 had definite improvement, 2/20 had slight improvement. 8/12 participants described pain relief after BTX-A. For speed, significant mean change in velocity from baseline to 2 weeks for BTX-A was recorded for horizontal movement (0.17 cm/sec, p < 0.05); for vertical movement (0.9 cm/sec, p < 0.01); and for descending movement (0.39 cm/sec, p < 0.05). Mean time to complete Gibson's maze significantly improved by 3.23 sec (p < 0.01) at 2 weeks, and by 3.63 sec (p < 0.01) at 6 weeks for participants on BTX-A.
Cole ( movement directions at two weeks, using a digitized pad. The study authors did not specify how the statistical analysis was performed and none of the placebo group results were reported in the paper. The authors did not respond to our email enquiry regarding this matter. Performance in the Gibson's maze task improved significantly in 9/20 participants (45%) for speed, and 7/20 participants (35%) for accuracy with BTX-A. Writing speed improved in 7/20 participants (35%) and the writing was more legible in 4/20 participants (20%), but no statistical testing was reported.
Of interest, participants who had abnormal wrist posture in association with their dystonia were reported to have a significantly stronger positive response to the BTX-A therapy.
Eleven out of 13 participants (85%) with wrist-joint deviation improved on pen control versus 1/7 participants (14%) without deviation; 8/13 participants (62%) with wrist deviation improved on Gibson's maze versus 1/7 participants (14%) without deviation; and 7/13 participants (54%) versus 0/7 improved on self-report with regards to writing. A chi-square analysis was reported comparing these two groups and the difference was found to be significant (p<0.001).
Eight out of 12 participants (67%) with pain noted improvement in their symptoms following BTX-A injection but no statistical analysis was reported. The self-reported assessment of writing found 6/20 participants (30%) reporting improvement in writing, 13/20 participants (65%) with no change, and 1/20 participants (5%) transiently worse with BTX-A. The study authors reported that there were no changes in self-reported writing of participants during the placebo phase.
Cole et al.
[11] performed a randomized cross-over trial of 10 participants comparing BTX-A with saline injections at two to four weeks post-injection. These were highly selected participants in that they came from the study authors' existing clinic population and were patients "who stated that they had a definite subjective response to open-label treatment with BTX-A", and, furthermore, whose dose of BTX-A had been optimized already. This study, therefore, is a complete enriched enrolment trial [16] . The washout period varied from two weeks to four months depending on whether the "patient and physician determined that the [prior] injection might have had some effect". None of the results from any of the outcomes of the trial (either subjective feeling of 'improvement' by the patient or the objective measures of changes in muscle strength, writing speed, transcription speed, physician rating of motor performance of all participants and rating of musical performances by professors of music who were blinded to the treatment groups) were subjected to statistical analysis and the results were therefore purely descriptive. Manual muscle testing using the Medical Research Council (MRC) scale [17] found that 7/10 participants (70%) were weaker when injected with BTX-A compared to placebo and 2/10 participants (20%) were weaker with placebo than with BTX-A. For participants with WC, the time required to write a standard paragraph was recorded, and errors of writing "off-the-line" were counted and used for objective assessment. Four out of six participants (67%) with WC wrote faster after BTX-A, and 2/3 participants (67%) who wrote "off the line" improved after BTX-A injection. One participant who was only able to print after placebo could write a standard paragraph in longhand after BTX-A. Two stenographers did not reduce their transcription error rate after BTX-A. Two musicians judged by a panel of professors of music were thought to give better performances after BTX-A injections. The study authors found that 9/10 participants ("90%" stated in results table but the study authors reported "80%" in the article text) improved in self-rated assessments with 4/10 participants (40%) rating the improvement as major two weeks after BTX-A injections. With placebo, 4/10 participants (40%) still responded positively, with 1/10 participant (10%) noting major improvement. Generally, the authors of this study indicated that 5/10 participants (50%) performed better after BTX-A injections during functional performance testing. One participant was weaker, wrote faster and performed better with placebo injection. Overall 8/10 BTX-A participants (80%) reported improvement and 4/10 participants (40%) receiving placebo injections reported benefit.
Kruisdijk et al. [12] compared BTX-A treated WC participants to placebo. Some of the participants involved in this trial also had electrophysiological measurements that Contarino et al. [18] reported elsewhere. The primary outcome measure for this study was the participants' answers to the following question: "Considering all advantages and disadvantages of this treatment, is the improvement such that you wish to continue this treatment or not?" The study authors found that 14/20 participants (70%) in the BTX-A group wished to continue treatment versus 6/19 participants (32%) in the placebo group (p=0.03). The study authors used an unpaired t-test to analyze the mean difference for functional performance measures which was calculated by subtracting the change in baseline to eight weeks with placebo from the change in baseline to eight weeks with BTX-A treatment. They reported a significant mean difference which was better with BTX-A regarding SSS, WCRS, writing speed (lines) and VAS for handwriting. The mean difference in the FSS was not significant. A subgroup analysis showed no evidence of treatment difference between the subgroups of participants with simple versus complex WC. The study authors reported that 20/39 participants (51%) received treatment for a year after completion of the study because of its benefit.
Writing speed was used in all three trials for assessing the participants. In Tsui et al. [10] the time is taken to complete copying a standard passage and the number of words per minute was apparently recorded but was not presented in that publication. They noted that writing speed improved in 7/20 participants (35%). The writing samples from the participants were randomized and given to a "blinded" physician for scoring on a scale of 0 to 3 (0 = totally illegible; 1 = some words illegible; 2 = all words legible, some with difficulty; and 3 = all words easily legible). In the study by Cole et al. [11] participants with WC wrote a standard paragraph, and the time required for its completion was recorded. The study authors reported that 4/6 participants (67%) with WC wrote faster after the BTX-A injections. Though individual writing speeds of the participants were provided, a summary statistical analysis was not presented in the paper. Kruisdijk et al. [12] conducted a test of writing speed by measuring the number of lines of a standard text written within two minutes. The mean difference in the writing speed between placebo and BTX-A from baseline to 8 weeks was 1.14 lines (95% CI, 0.07 to 2.20, p=0.04), better with BTX-A.
Two studies [11, 12] were included in our meta-analysis (Tsui et al. [10] did not report results in the placebo group and therefore could not be included in the meta-analysis). Combining the results of the self-rated improvements in these studies showed that the pooled effect estimate was not significantly different from placebo (p = 0.07) Fig. (2) .
Safety
Muscle weakness after BTX-A injections was noted in participants in all three trials. In the trial by Tsui et al. [10] , all 20 participants who had BTX-A experienced muscle weakness. Seven out of 10 participants (70%) in the trial by Cole et al.
[11] had muscle weakness. Kruisdijk et al. [12] reported weakness in the hand in 18/20 participants (90%) in the BTX-A group and in 2/19 participants (11%) in the placebo group. In the study by Kruisdijk et al. [12] the authors reported that 1/20 participants (5%) in the BTX-A group and 3/19 participants (16%) in the placebo group reported pain at the injection site. Overall, 46/50 participants (92%) experienced weakness of the muscles injected, which appeared to be transient with spontaneous recovery. One participant, however, experienced weakness which lasted for eight days. Across the studies, 49 participants received placebo but results were only reported on (2) . Effect of BTX-A on hand function. The effect of BTX-A on hand function when compared to placebo was investigated using a random effects model. Tsui et al. (1993) did not report results in the placebo group and therefore these data could not be included in this meta-analysis. The events shown here represent self-reported benefit of BTX-A on hand function. BTX-A = Botulinum Toxin Subtype A; CI = Confidence Interval; M-H = Mantel-Haenszel test; df = degrees of freedom. generally "safe to use". Kruisdijk et al. [12] reported that only 1/20 participants (5%) on BTX-A and 3/19 participants (16%) on placebo had pain at the injection site. No serious adverse events were reported in any of the studies. None of the participants in any of the three studies was reported to have withdrawn from the trials.
DISCUSSION
This systematic review identified only three [10 -12] published articles that evaluated BTX for FHD in randomized, double-blind, placebo-controlled trials.
Validated Measures of Improvement in Hand Function
Our primary outcome of interest in this systematic review was hand function, as measured by any validated hand function assessment at two weeks to two months post-treatment with BTX or placebo. In all three trials [10 -12] the participants were evaluated within this primary time frame. Validated measures of hand function were used in two [10, 12] of the three trials. Tsui et al. [10] used Gibson's maze as a validated measure of improvement in hand function. They noted that the errors made and the time to complete the maze improved from the baseline to two weeks and then at six weeks following BTX-A treatment. This improvement was found to be significant (p<0.01). No participant improved on placebo treatment with Gibson's maze assessment. Kruisdijk et al. [12] used the WCRS, also a validated measure, scored on a scale from 0 to 16 points, to compare BTX-A treatment and placebo from baseline to eight weeks of treatment; they reported significant improvement in the WCRS, with a mean difference of -1.51 points (95% CI, -2.55 to -0.47, p < 0.01) in favor of BTX-A. The FSS and the SSS have been validated for use in carpal tunnel syndrome, but to our knowledge, neither these tools nor the VAS have been validated specifically for FHD. Cole et al. [11] used other dystonia inducing tasks and measured the improvement in hand function, but as far as we know, these measures have also not been validated. None of the publications reported on validated measures of hand function at two months to six months post-treatment.
Reduction in Symptoms
Another secondary outcome, reduction in symptoms associated with FHD, was investigated as part of this systematic review. Tremor and myoclonus were not described as characteristics of FHD in any participant pre-treatment. It should be noted that a reduction in pain may have been represented in the participant's subjective assessments, but this was only explicitly described by Tsui et al. [10] and Kruisdijk et al. [12] Tsui et al. [10] found that 8/12 participants (67%) with pain improved with BTX-A and none with placebo on subjective assessment. Kruisdijk et al. [12] used the SSS to evaluate the direct and indirect symptoms of WC (pain, spasm, weakness, and numbness). Though they did not elaborate on each of these symptoms, the study authors demonstrated a statistically significant improvement in overall symptoms with a mean difference, -2.44 points, (95% CI, -4.52 to -0.37, p= 0.02) favoring BTX-A over placebo from baseline to eight weeks.
Quality of Life Measures
No specific quality of life measures were reported in any of the three trials.
Adverse Events
The intended therapeutic effect of BTX is to create weakness in the antagonist muscles but only to the extent that the dystonic symptoms are reduced. Weakness to the extent that it limits desired hand functions would be considered an adverse event. The three studies [10 -12] had a total of 50 participants who received BTX-A injections. Overall, 46/50 participants (92%) experienced weakness of the muscles injected, which appeared to be transient with spontaneous recovery. Four out of 29 participants (14%) who received placebo developed weakness. Kruisdijk et al. [12] reported that only 1/20 participants (5%) on BTX-A and 3/19 participants (16%) who received placebo had pain at the injection site.
Limitations
The number of participants in all three studies was small, severely limiting any conclusions that can be drawn from our analysis. Only one study, Cole et al. [11] involved musicians and stenographers, a total of four such participants. This review is therefore essentially about WC. A major problem with research on BTX is that the nature of the treatment and the predictability of the weakness may make it impossible to adequately blind participants (and there are also challenges in blinding assessors).
Authors' Conclusions
The number of participants included in this systematic review is too small to draw dependable conclusions for clinical practice about the efficacy and safety of BTX-A for FHD. There is currently not enough evidence to recommend the routine use of BTX-A for FHD, even though the treatment does show some promise. We would like to emphasize that this conclusion is reached because of a lack of dependable evidence for effectiveness derived from clinical trials, not because of evidence for lack of effectiveness of the intervention. As such, future studies are needed and our conclusions may need to be revisited when further quality evidence on sufficient numbers of patients is available.
Future Research Direction
There is a need for more and larger studies to evaluate BTX in FHD. In order to detect effect sizes ranging from 0.55 to 0.94 of having favorable outcomes between the intervention group receiving BTX and placebo or alternative treatment (as reported in Kruisdijk et al. [12] ) a range of 19 to 53 participants per group needs to be recruited to attain a power of 80% with a type I error of 0.05.
The effectiveness of blinding participants and assessors could also be explored in future research on FHD. For example, future trials may report on the proportion of patients correctly guessing their treatment group allocation. Trials could be of either parallel group design or crossover design, and it would be informative to investigate if blinding is more effectively maintained in parallel group trials, where the study participants only encounter either the active intervention or placebo in the context of the study.
Also, adhering to a core set of outcomes as regards measures of both efficacy and safety is recommended, because it would aid the comparability of future studies and would also enable us to combine such studies in future meta-analyses. Specifically, we would recommend adhering to the efficacy outcomes detailed in this review, namely: hand function as measured by a validated tool at two weeks to two months posttreatment, a validated assessment of hand function at two to six months post-treatment, the secondary symptoms pain and tremor, and an assessment of quality of life using a validated tool. As regards safety outcomes, we recommend reporting on the numbers of participants experiencing any adverse event, any serious adverse event, or withdrawing due to an adverse event.
Future research should furthermore specifically address distinct occupational groups, such as musicians and stenographers, and stratify the results for the different task specific dystonias.
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